
United States Patent p9] 


Cornieri et al. 


US005130061A 

[n] Patent Number: 
[45] Date of Patent: 


5,130,061 
Jul. 14, 1992 


[54] PROCESS FOR THE EXTRACTION OF 

POLYUNSATURATED FATTY ACID ESTERS 
FROM FISH OILS 

[75] Inventors: Franco Cornieri; Waiter Di Fulvio, 
both of Florence, Italy 

[73] Assignee: Innova di Ridolfi Flora A C. s^-S M 
Florence, Italy 

[21] Appl. No.: 357,650 


[22] Filed: 


May 24, 1989 


Related U.S. Application Data 

[63] Continuation-in-part of Ser. No. 199.306, May 26, 
1988. abandoned. 

[30] Foreign Application Priority Data 

May 28, 1987 [IT] Italy 20700 A/87 

[51] Int. CiJ C09F5/10 

[52] U.S. CI 554/167; 424/523; 

554/175; 554/193; 554/206; 554/210; 554/224 


[58] Field of Search 424/523; 260/412. 413. 

260/419, 420, 421, 423, 424. 425, 426. 427. 428, 

428.5 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,164.506 8/1979 Kawahara et al 260/421 

4,179,454 12/1979 Mehta et at 260/419 

4.377.526 3/1983 Fujiia et al 260/424 

4.438.106 3/1984 Wagu et al 514/58 

4,526,902 7/1985 Rubin 514/560 

4.554.107 11/1985 Taitao 260/421 

4,675.132 6/1987 Stout et a] 260/410.9 R 

4,792,418 12/1988 Rubin et al 260/420 

Primary Examiner — Douglas W. Robinson 

Assistant Examiner — Jean C. Witz 

Attorney, Agent, or Firm — Walter H. Schneider 

[57] ABSTRACT 

A process for the extraction of eicosapentaenoic (EPA) 
and docosahexaenoic (DHA) acid esters from crude fish 
oils, by means of transesterification with ethanol and 
H2SO4 and two-step molecular distillation. 
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raphy. and distillation, give rather low yields and prod- 

PROCESS FOR THE EXTRACTION OF ucts which easilv deteriorate if exposed to air or light. 

POLYUNSATURATED FATTY ACID ESTERS Moreover, the major pan of the known methods refers 

PULiuwit . tQ purification of only eicosapentaenoic acid, to the 

5 detriment of other useful unsaturated acids, such as 

This application is a continuation-in-part of applica- DHA. discloses a 

, i0 n S«, PP N0. I9M06 Ihd M,y 26. ,«. now ^ o-jJlU*. PJ^ ^ e ™^ 

d °Tht prero. »vcn,ion » . p~«» for .b. which compri^ ,, ? .rn tl ,, wi,h «m 

"SSSS^ir^ according to .he invention is .5 known as molecular distillation: in this case, a deodor- 
rfJJorife Tnd deacidify said oils, in view of ized fish oil is obtained which is ennched in EPA and 
S'ftitfSS S2S?£L DHA. in rather low yields (30%). due to the drast.c 

which are factors °[ Pa»rnount importance for the 25 integrator^ ^ ^ ^ ^ ^ . s 

^STSS, a C r y mponant are the long by pharmaceutical or alimentary co-po»jo^«£ 

n HA ' idi derivatine from desaturation and elonga- 30 cardio-vascular diseases. 

^"br^tsrsssr- »— - — - — — — — ■ 

=ooU„g .J/Jr. «.bj«ci« g .he »,du« M«d by 
i„ mfr. £ SSS r« on^to 35 y^): -d pl»on». »«.*. .nd rcroov ., or *. «*« <o 1»>K «- 

it^Ms *sa:.s=nt itrssyt: 

now^ w de use of skid acids in therapy or as alimentary with the processes up to now ^own which use crude 
"nt«mors which use on the other hand should be fish oils as the starting material. M °™™'" s *°?*£; 
hXdSrable. in view of the above reported bio- » ^P^£2?£ 

or s^d ?. I ^ d ss5j 

acdrfrom fish oils, purification and concentration to hitherto cons.dered merely for the purpose of deodor- 

^rrou^atumberofmethodshavealreadybeen steps molecular -J™£Z&l2 l i&Z^ 

proposed and disclosed, the above objects have still not acid «fg*^ r 7«23n1 SS^rSSofSS 

^attained satisfactorily, as proved, inter alia, by the (up to 260 -^^^^^^^^ 

still restricted use of EPA and/or DHA. in spite of the additives (glycerol and momoo leylglycende) 
remarkable potentialities thereof as drugs or alimentary 6$ to fiuidixe the liquid to be 

integrators. Trtie methods up to now known, which are On the contrary, the p ocess object of ^« Pr«ent 

based on different techniques such as decreasing, coun- invention n charactenzed m that it .earned out on the 

iercurrent extraction, urea add.t.on. liquid chromatog- ethyl ester m.xture instead of the triglycerides, more 
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over operative conditions are much milder (only t^-o 
steps at a lower temperature) and give higher yields, 
mainly in DHA which is known to be less stable. 

According to the invention, deodorization is effected 
in the first step and the products responsible for the bad 
smell are removed by the low temperature trap, up- 
stream the pump. This allows to operate on crude oil 
not previously depurated, which, besides being effec- 
tively deodorized, is also deacidified, to make it suited 
for alimentary use. 

A preferred EPA and DHA source consists in oils 
deriving from working of "blue fish*\ such as ancho- 
vies, sardines, cods, mackerels, herrings and the like. 

The oil is diluted with ethanol, then refluxed in the 
presence of catalytic amounts of concentrated sulfuric 
acid. After extraction with hexane, the transesterifica- 
tion mixture is subjected to silica gel chromatography, 
then to a two-step molecular distillation process, with a 
vacuum of about 10 - 3 mm Hg and at an evaporation 
temperature ranging from 65'-70* C to 105*-I25* C 
and condenser at 5* C. 

The product obtained as a distillation residue has and 
EPA + DHA content higher than 65% and the 
DHA:EPA ratio, which generally depends on the start- 
ing oil, is about 3:2. 

According to an alternative process of the invention, 
the ethanolic solution obtained by transesterification 
can be treated with urea, in order to remove the salts of 
fatty acids of lower unsaturation. However, said further 
step generally is not necessary, since in the major pan of 
cases the only molecular distillation alone is sufficient to 
attain the desired effects. 

According to a further aspect of the process of the 
invention, it is also possible to obtain docosahexaenoic 
acid having an assay as high as 85-95%, according to 
the starting fish oil used. For this purpose, the ester 
mixture from the silica gel chromatography is dissolved 
in acetone and the solution slowly cooled to —40* C. 
The formed precipitate is then filtered, the solvent is 
removed under reduced pressure and the residue is 
subjected to molecular distillation, which is carried out 
in two steps, always at 10- 3 torr, but at higher tempera- 
tures, namely 80V100* C for the first step and 
105V125* C. for the second step. A product having a 
DHA ethyl ester content greater than 95% can be ob- 
tained by subjecting a mixture having a 80-90%, or 
greater total content of EPA/DHA ethyl esters to fur- 
ther molecular distillation at a vacuum of 10~ 3 mm Hg 
and a temperature in the range of 50-1 10* C. 

The product obtained by the process of the invention 
proved to be particularly convenient for pharmaceuti- 
cal use* in form of appropriate pharmaceutical composi- 
tions. In fact, a favourable synergism was evidenced 
between EPA and DHA, such as to give a therapeutical 
effectiveness higher than that of the single compo- 
nents. The pharmaceutical compositions of the inven- 
tion will be prepared by means of techniques and excipi- 
ents conventionally used for active ingredients in form 
of oils, as described in "Remington's Pharmaceutical 
Sciences handbook", Hack Pub. Co., N.Y. USA. Pre- 
ferred administration routes are the oral and the paren- 
teral ones, whereas posology will generally range form 
500 to 5.000 mg of EPA and DHA ethyl ester mixture 
obtained by the inventive process, depending on pathol- 
ogy and conditions of the patient to be treated. Any- 
way, higher dosages are not controindicated, since the 
active ingredient is almost non-toxic. The same mixture 
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can be used as dietetic or alimentary integrator, option- 
ally diluted with other appropriate vegetal oils. 

In fact, the mixture obtained by the process of the 
invention is particularly convenient for the prophylaxis 
5 of diseases related to platelet hyperaggregation condi- 
tions, since it is completely free from Iinolenic acid 
derivatives which are precursors of arachidonic acid 
and accordingly of PGE 2 and TxAi which are factors 
able to oppose and make void the favourable pharmaco- 
10 logic properties deriving from the production of PGI3 
and TxA3, induced by EPA. DHA and derivatives 
thereof. 

The following example further illustrates the inven- 
tion without limiting it. 

EXAMPLE 1 

a) 80 kg of fish oil was dissolved in 50 1 of ethanol 
containing 5% cone, sulfuric acid. The whole was re- 
2Q fluxed under nitrogen for 8 hours, then cooled; ethanol 
excess was removed and the volume was doubled with 
water. At this moment an extraction was carried out 
with appropriate amounts of hexane. The hexane solu- 
tion, after repeated washings with water, was chro- 
25 matographed on a silica gel 100 column to remove im- 
purities. The solution from this column was freed from 
n-hexane under vacuum, to obtain a yield of about 65 kg 
of esterified products. Control can be effected by G.C. 
(gas chromatography). 
3 0 b) The product from step a) was subjected to double- 
step molecular distillation, under a vacuum of about 
10- 3 mm Hg, at an evaporation temperature of 65*-70* 
C. and condenser temperature of 5* C. 

Percentages of the fatty acids present in the oil before 
35 and after the treatment, determined by G.C, are re- 
ported hereinbelow. 
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Fatty acids 

V<* Eihyl esten on 
crude product 

9c 9 Ethyl esten on 
final product 

C U:0 

8.4 

0.1 

C 16:0 

16.0 

1.7 

C 16: l«7 

9.8 

0.3 

C 18: tcu9 

9.9 

3.0 

C 18: 1«7 

3.1 

1.0 

c 20: 5«3 

9.6 

29.8 

c 22: 5ai3 

1.0 

4.! 

c 22: 6o»3 

10.7 

39.9 


EXAMPLE 2 

50 

80 kg of fish oil together with 50 kg of ethanol were 
placed in a closed reactor containing 2.5 kg of cone, 
sulfuric acid and refluxed under nitrogen for six hours at 
a temperature of 82"±* C. Control was effected by 
55 T.L.C on silica gel plates using a mixture of petroleum 
ether/diethyl ether/acetic acid (85/14/1) as the eluant. 
The developer comprised a 1:1 mixture of cone, sulfuric 
acid and methyl alcohol. When the chromatographic 
control showed the end of the reaction, heating was 
60 discontinued and excess ethanol removed by distilla- 
tion. The residue was cooled to room temperature and 
added to 200 kg of water 150 kg of cyclohexane. The 
mixture was stirred and the water discharged. Water 
washings were repeated until the discharge showed a 
65 neutral reaction. The cyclohexane solution was dried 
with anhydrous sodium sulfate and the cyclohexane 
removed by vacuum distillation (20 mm Hg) at 60* C 
The product residue comprising EPA and DHA ethyl 
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esters was stored under nitrogen for subsequent molecu- 
lar distillation. 

EXAMPLE 3 

35-4095: Total Cone. Combined EPA/DHA Ethyl 
Esters 

The product of Example 2 was subjected to molecu- 
lar distillation under a pressure of 10" 3 mm Hg and an 
evaporator temperature of 90*- 1 10* C. to remove natu- 
ral and process impurities. The purified product ob- 
tained had the EPA (15-20%) concentrations originally 
present in the starting ftsh oil of Example 2. 

EXAMPLE 4 

40-50% Toul Cone. EPA/DHA Ethyl Esters 

A sample of the product of Example 3 was subjected 
to molecular distillation under the same pressure as in 
Example 3 but at a temperature of 50 - C. The elimina- 
tion of Ci6 and Cis acid ethyl esters in the distillate 20 
resulted in a product having a 40-50% total concentra- 
tion of EPA/DHA ethyl esters. 

EXAMPLE 5 
50-60% Total Cone. EPA/DHA Ethyl Esters 25 
The procedure of Example 4 was repeated on another 
sample of the product of Example 3 except that the 
molecular distillation temperature was 60'-70 # C. Fur- 
ther removal of Ci6and Cisacid ethyl esters resulted in 
a 50-60% total concentration of EPA/DHA ethyl es- 
ters. 

EXAMPLE 6 

60-70% Total Cone. EPA/DHA Ethyl Esters 

The procedure of Example 5 was repeated except 
that the temperature was 70*-80' C. which resulted in a 
product having a 60-70% total concentration of 
EPA/DHA ethyl esters. 

EXAMPLE 7 

70-80% Total Cone. EPA/DHA Ethyl Esters 

A sample of the product of Example 6 was subjected 
to molecular distillation at a pressure of 10- 3 mm Hg 
and a temperature of 80*-90* C. A product having a 
70-80% total concentration of EPA/DHA ethyl esters 
was obtained. 

EXAMPLE 8 

80-90% Total Cone. EPA/DHA Ethyl Esters 

To a solution of 20 kg of urea in 120 liters of ethanol 
were added 15 liters of the product of Example 7 and 
the mixture shaken while heating under nitrogen. After 
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cooling, the resultant precipitate was separated and the 
remaining solution vacuum concentrated to a small 
volume. After washing with water to remove all trace 
of urea, drying the organic solution and removing the 
5 solvent by vacuum distillation, the product was sub- 
jected to molecular distillation as in Example 3 but at an 
evaporator temperature of 70*-90* C. A product of 
80-90% total concentration of EPA/DHA ethyl esters 
was obtained by virtue of C 10,1 8.20 acid ethyl esters 
,n being removed in the distillate. 

EXAMPLE 9 

90% Cone. DHA Ethyl Ester 

A sample of the product of Example 8 is subjected to 
double molecular distillation under conditions as in 
Example 3 but at an evaporator temperature of 75*-95* 
C. The residue was 90% DHA ethyl ester while the 
distillate comprised EPA ethyl ester and minor amounts 
of other lower acid ethyl esters. 

EXAMPLE 10 

96% Cone. DHA Ethyl Ester 

A sample of the product of Example 9 was subjected 
to molecular distillation under the same conditions as 
used in Example 9. The residue was 96% DHA ethyl 
ester while the distillate was essentially EPA ethyl ester 
together with minor amounts of other lower acid ethyl 
30 esters. 

We claim: 

1. A process for extracting an odor-free mixture of 
eicosapentaneoic acid (EPA) and docosahexanoic acid 
(DHA) ethyl esters from crude fish oil said odor-free 
35 mixture having a total EPA-DHA ethyl ester content of 
at least 65% and a DPA ethyl ester/EPA ethyl ester 
ratio of at least 3:2, which consists essentially of subject- 
ing said crude fish oil to transesterification by diluting 
the latter with ethanol and refluxing in the presene of a 
40 catalytic amount of sulfuric acid; extracting the transes- 
terification reaction product and subjecting said prod- 
uct to silica gel chromatography followed by molecular 
distillation at a pressure of about 10- J mm Hg and at a 
temperature of about 65*-70* C. 
45 2. A process according to claim 1 for producing a 
mixture having a DHA ethyl ester content of 85-95% 
which consists in dissolving the silica gel chromato- 
graphed reaction product in acetone with cooling to 
about -40* C, separating the resultant residue and 
50 subjecting it to two step molecular distribution in which 
the two step temperatures are 80*- 100* C. and 
105*- 125* C, respectively. 
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